Non-zero neutrino mass would affect the evolution of the Universe in observable ways, and a strong constraint on the mass can be achieved using combinations of cosmological data sets. We focus on the power spectrum of cosmic microwave background (CMB) anisotropies, the Hubble constant H 0 , and the length scale for baryon acoustic oscillations (BAO) to investigate the constraint on the neutrino mass, m ν . We analyze data from multiple existing CMB studies (WMAP5, ACBAR, CBI, BOOMERANG, and QUAD), recent measurement of H 0 (SHOES), with about two times lower uncertainty (5 %) than previous estimates, and recent treatments of BAO from the Sloan Digital Sky Survey (SDSS). We obtained an upper limit of m ν < 0.2 eV (95 % C.L.), for a flat ΛCDM model. This is a 40 % reduction in the limit derived from previous H 0 estimates and one-third lower than can be achieved with extant CMB and BAO data. We also analyze the impact of smaller uncertainty on measurements of H 0 as may be anticipated in the near term, in combination with CMB data from the Planck mission, and BAO data from the SDSS/BOSS program. We demonstrate the possibility of a 5σ detection for a fiducial neutrino mass of 0.1 eV or a 95 % upper limit of 0.04 eV for a fiducial of m ν = 0 eV. These constraints are about 50 % better than those achieved without external constraint. We further investigate the impact on modeling where the dark-energy equation of state is constant but not necessarily −1, or where a non-flat universe is allowed. In these cases, the next-generation accuracies of Planck, BOSS, and 1 % measurement of H 0 would all be required to obtain the limit m ν < 0.05 − 0.06 eV (95 % C.L.) for the fiducial of m ν = 0 eV. The independence of systematics argues for pursuit of both BAO and H 0 measurements.
Introduction
Neutrino mass is now one of the most important targets in cosmology. Since neutrino mass affects the evolution of the Universe in some observable ways, a mass constraint can be obtained from the cosmological data such as cosmic microwave background (CMB) [1] [2] [3] [4] [5] , galaxy clustering [6] , Lyman-α forest [7] , and weak lensing data [8, 9] . Although atmospheric, solar, reactor and accelerator neutrino oscillation experiments can probe mass differences precisely (|∆m −3 eV 2 , where m i is the mass of the i-th neutrino mass eigenstate and errors are 1σ [10] ), they are not sensitive to absolute values. Absolute mass may be inferred from terrestrial experiments such as tritium beta decay and neutrino-less double beta decay [11] [12] [13] , but, cosmological measurements from several observables have the potential to deliver higher accuracy.
Analyses of the CMB data alone constrain neutrino masses, but there is a relatively large degeneracy between neutrino masses and the Hubble constant [1] . A combination of different data sets can tighten limits. CMB data and matter power spectrum measurements can be usefully combined, since the suppression of the power spectrum below the damping scale is dependent on the mass of free-streaming neutrinos. A neutrino mass constraint has previously been derived [5] that combines CMB data with measurements of the baryon acoustic oscillation (BAO) scale, supplemented by luminosity distance measurements from type-Ia supernovae. Since these non-CMB observations directly characterize the distance scale, a high accuracy prior on the Hubble constant can have a qualitatively similar effect, as was first demonstrated for WMAP first-year data by [1] .
In this paper, we examine the extent to which priors on the Hubble constant improve constraint on neutrino mass, without using matter power spectrum data (see also [14, 15] ). Because systematic errors for estimating the Hubble constant and the matter power spectrum are different, these parallel routes to estimate neutrino mass are important. We focus on the newly reported measurement of the Hubble constant [16] that has a rather higher central value and about two times smaller error than that of previous work [17] . We also study the effect of tighter priors on the Hubble constant, anticipating that the accuracy of estimates will improve over time, at least through measurement of distance to a large number of galaxies in the Hubble flow that host water maser sources [18] [19] [20] . In this paper, we denote the Hubble constant in unit of km/s/Mpc as H 0 .
In the next section, we discuss the neutrino mass constraints using the current CMB data set and the Hubble constant measurements. We demonstrate the degeneracy between neutrino masses and the Hubble constant in analysis of CMB data alone, where we consider WMAP5, ACBAR, CBI, BOOMERANG and QUAD. We also demonstrate improvement in the constraint through addition of the Hubble constant determination of Ref. [16] . The degeneracy in the CMB mainly originates from that in the angular diameter distance to last scattering surface, so another observation probing such distances will also be helpful to obtain the constraint. Hence we also make an analysis that includes the BAO scale measurement released recently [21] . In Sec. 3, future expected limits for neutrino masses are presented, with particular attention to the role of the prior on H 0 . For this purpose, we use projected Planck CMB data and uncertainties in H 0 that may plausibly be anticipated from estimation of distances to galaxies containing water maser sources [18] [19] [20] . Furthermore, we discuss the effect of future BAO data such as the Baryon Oscillation Spectroscopic Survey (BOSS) on the neutrino mass constraint. In Sec. 2 and 3, a flat universe and a cosmological constant for dark energy are assumed. However, in Sec. 4, we investigate the constraint for the case of a constant equation of state for dark energy and a non-flat universe. The final section summarizes the paper.
2 Neutrino mass constraint in ΛCDM model 2.1 Current CMB and H 0 measurements
We first derive limits on neutrino mass using CMB data from WMAP and other small angular scale measurements, including recently released QUAD data [22] . We demonstrate the degeneracy between neutrino masses and the Hubble constant in the CMB data analysis, which originates from geometry. In light of this, we examine how the mass limit is improved by adding a prior on H 0 obtained from the HST Key Project (KP) [17] and a newly available one from the Supernovae and H 0 for the Equation of State (SHOES) program [16] . parameters prior ranges ω b 0.020 → 0.025 Table 1 : Adopted prior ranges for cosmological parameters described in the main text. In addition to top-hat priors on the primary parameters, we also impose an additional prior H 0 ∈ [40, 100], which is hardcoded in CosmoMC by default. Also note that the prior ranges for Ω k and w X , shown in the parentheses, are adopted only when they are varied in Section 4.
We begin by showing a neutrino mass constraint from current CMB data sets alone. In the analysis of this section, we assume a flat universe and a cosmological constant for dark energy. For neutrinos, we assume that there are three generations of active neutrinos with equal mass m ν , so that m ν = 3m ν . We also assume there is no lepton asymmetry in the Universe #1 . We used CMB data from WMAP5 [4, 25] , ACBAR [26] , CBI [27] , BOOMERANG [28] [29] [30] and QUAD [22] . We performed a Monte Carlo analysis with some modifications to MultiNest [31] , integrated in CosmoMC [32] . In the analysis, we explored 7+1 dimensional parameter space (ω b , ω c , θ s , τ, ω ν , n s , A s , A SZ ). Their prior ranges are shown in Table 1 . Here, ω b = Ω b h 2 , ω c = Ω c h 2 and ω ν = Ω ν h 2 are energy density parameters for baryon, cold dark matter and massive neutrinos, respectively, where Ω denotes energy density normalized by the critical energy density and h is defined by H 0 = 100h. As well, θ s is the acoustic peak scale, τ is the optical depth of reionization, n s is the spectral index of primordial power spectrum, A s is the amplitude of primordial fluctuations, and A SZ is the amplitude of thermal SZ effect, which is normalized to the C SZ l template from Ref. [33] . The neutrino mass is related to the density parameter by ω ν = 3m ν /(93.8 eV). The cosmological parameters estimated from this CMB data set are summarized in the left column of Table 2, and the 95% confidence level (C.L.) upper limit on the neutrino mass is found to be m ν < 0.41 eV. This is almost same as the constraint from WMAP5 data alone (m ν < 0.43 eV) [5] . #1 The constraint on neutrino masses including lepton asymmetry has been investigated in [23, 24] .
Before we closely look at how the prior on H 0 affects the constraint on m ν , we discuss the degeneracy between m ν and H 0 . There is a strong negative correlation between m ν and H 0 (Fig. 1) , where correlation coefficients between m ν and (ω b , ω c , τ, n s , H 0 ) are (−0.43, 0.22, −0.13, −0.59, −0.86). The negative correlation may be understood in terms of the position of the acoustic peaks of the CMB power spectrum, which is given by the ratio of sound horizon #2 to the distance to the last scattering surface, d lss . When m ν increases for given ω c , there is a larger non-relativistic component in the present universe (which makes expansion faster), and hence d lss is smaller. Meanwhile, d lss is inversely proportional to H 0 , and thus larger H 0 gives smaller d lss . Therefore, the effect of increasing m ν is cancelled by decreasing H 0 . Note that the sound horizon could be affected by m ν if it is so large that neutrinos become non-relativistic before the epoch of recombination #3 . However, such large masses would modify the heights of the CMB acoustic peaks in a characteristic manner, which is excluded by current CMB data. (This fact gives the upper bound on m ν described in Table 2 .)
This argument can be quantified by calculating how the first peak position of CMB power spectrum l 1 responds as m ν or H 0 vary. (For a detailed description of how this can be done, see [1, 34, 35] .) Note that l 1 becomes smaller (moves toward larger scales) when d lss decreases. We find ∆l 1 /∆m ν = −19.7 and ∆l 1 /∆H 0 = −0.643. Therefore, the direction with no change in l 1 is ∆m ν /∆H 0 = 0.033, which roughly describes the slope of the correlation in Fig. 1 .
A tighter upper limit on m ν flows directly from a lower bound on H 0 , independent of CMB data [1] . The results for two priors, from the KP H 0 = 72 ± 8 [17] and SHOES H 0 = 74.2 ± 3.6 [16] are presented in Table 2 , where the upper bound on neutrino mass is as low as m ν < 0.20 eV #4 .
Current CMB and BAO measurements
Measurement of the BAO scale also fixes geometry and may be used to constraint m ν . We follow up with an analysis of m ν in the context of current CMB data, augmented by the recent BAO data from [21] . In Table 3 , constraints on the cosmological parameters are #2 The sound horizon r s at the recombination epoch a rec is given by
where c s is the sound speed of the photon-baryon fluid. #3 The epoch when neutrinos become non-relativistic can be roughly evaluated by taking the time of p ν ∼ m ν with p ν being the average momentum of neutrinos which is roughly ∼ 3T ν where T ν is the temperature of neutrinos. This gives
#4 The latter case is also investigated in Ref. [15] and our result is consistent with theirs.
shown for the analyses of CMB+BAO, CMB+BAO+KP and CMB+BAO+SHOES. As anticipated, the constraints on m ν from the CMB+BAO analyses are improved as well. However, some cautionary words are in order. The results indicate a tighter upper limit for CMB+SHOES analysis than CMB+BAO analysis. This comes from the fact that BAO data prefers a relatively low value of H 0 , which is outside the SHOES confidence interval. The joint CMB+BAO+SHOES analysis provides a less tighter limit on m ν compared to that of CMB+SHOES, and it does not resolve friction between the contributing data and should be interpreted with care. In light of their different sources of systematic error, it may be more advisable, for the time being, to interpret the SHOES and BAO data separately. So far, we have investigated the cosmological constraints on m ν using currently available measurements of CMB, BAO and H 0 . However, measurements of these are expected to be more precise with new observations in the near future such as Planck, BOSS and the H 0 measurement mentioned in the introduction. Thus, in the next section, we consider future constraints on the neutrino mass based on CMB, BAO and H 0 .
3 Impact of improved cosmological data on ΛCDM estimation of m ν
Next-generation cosmological data will tighten the limits that can be placed on m ν . We investigate the impact of data from the Planck CMB mission, a high-accuracy prior on H 0 , as may be achieved from study of water masers [18] [19] [20] #5 , and analysis of the SDSS BAO survey [39] .
We again perform a Monte Carlo analysis to obtain a constraint on m ν . Regarding the expected data from Planck, we analyze it for multipoles l < 2500, obviating the need to consider the SZ effect. Thus, we do not include the parameter A SZ in the analysis here. We make use of the lensing of CMB in the likelihood calculation, which is effective at constraining masses of neutrino in the future observations of CMB [40] . For the analyses in this section, we assume fiducial cosmological parameters summarized in Table 4 . For the projected Planck data, we adopt the instrumental specifications found in Ref. [40] . Regarding a future BAO data set, we adopt predicted performance of the BOSS survey, which will measure the angular diameter distance d A (z) and the Hubble expansion rate H(z) of the Universe over a broad range of redshifts (Table 5 ). Roughly speaking, the BOSS survey adopted here measures geometry of the Universe both in transverse and the line of sight direction with uncertainties of about 1 % level at redshifts z = 0.35, 0.6 and 2.5. For the mass of neutrino, we assume two fiducial values of m ν = 0 eV and 0.1 eV. The fiducial value of 0.1 eV is motivated from the KATRIN neutrino mass direct search experiment, which will achieve a sensitivity of m ν < 0.2 eV (95% C.L.) within the next decade [41] .
#5 H 0 may also be constrained tightly by the gravitational lens time delays [36] [37] [38] Table 4 : Fiducial cosmological parameters and prior ranges used for predictive analysis.
The fiducial values here correspond to the mean values of the flat ΛCDM model from analysis of the WMAP5 data alone. Regarding the fiducial neutrino mass, we consider two cases, m ν = 0 and 0.1 eV, assuming degenerate mass hierarchy (three neutrino species have the same mass). We fix the energy density of dark matter and the Hubble constant to be ω dm = 0.1099 and H 0 = 71.9, and hence ω c and θ s vary with m ν . Values of ω ν , ω c and θ s are shown for m ν = 0 [0.1] eV. Also note that the prior ranges for w X and Ω k , shown with parentheses, are adopted only when they are varied in Section 4.
In Tables 6 and 7 , we summarize the projected constraints on cosmological parameters for the cases with the fiducial values of m ν = 0 and 0.1 eV with and without 1 % prior on H 0 . The cases where we include the BAO data or a combination of Planck, BAO and H 0 are also shown. In Fig. 2 , contours of 68 % and 95 % C.L. constraints are depicted for two different fiducial values for the neutrino mass m ν = 0 and 0.1 eV. In both cases, the degeneracy between m ν and H 0 is significant for analyses of CMB data alone. However, imposing a Gaussian prior for the Hubble constant with the error of 1 % improves the constraint significantly. For the case of the fiducial value of m ν = 0 eV, 95% C.L. limit for Planck data is m ν < 0.088 eV, which improves to m ν < 0.042 eV for a prior on H 0 with 1 % error. When we assume m ν = 0.1 eV as a fiducial value, the neutrino mass is constrained to be m ν < 0.197 eV if no prior on H 0 is adopted. Very interestingly, when we impose the prior on the Hubble constant with 1 % error, the constraint becomes m ν = 0.107
−0.020 eV (68% C.L.), which indicates that we can detect neutrino masses at about 5σ level if m ν = 0.1 eV. Here it should be noted that even if we vary the fiducial value of H 0 by 10 %, the limit is almost unchanged. As seen from Fig. 2 , when we assume no prior on H 0 , the massless neutrino is still allowed at 2σ level for this case. This analysis shows that an accurate determination of H 0 may lead us towards the detection of the absolute mass of neutrino from cosmology and therefore this direction research should be pursued along with other methods. The degree of constraint on m ν is in fact a continuous function of measurement uncertainty on H 0 , and thus far 1 % has been illustrative. For a fiducial mass m ν = 0 eV and an expected error ∆H 0 /H 0 (1σ), the constraints on m ν can be fitted as, by marginalizing over other cosmological parameters
On the other hand, for a fiducial m ν = 0.1 eV, the constraints can be fitted as
Eqs. (1) and (2) Table 7 : Same table as in Table 6 , but for the fiducial neutrino mass m ν = 0.1 eV.
measurement and BAO data are combined with CMB, we can obtain a tighter constraint on m ν than that with CMB data alone. As a closing remark of this section, we note that 5σ detection of the neutrino mass of m ν = 0.1 eV requires a 1 % accuracy of H 0 measurement. When the accuracy is 3 %, it becomes 3σ. Thus for the detection of the neutrino mass with high significance, a very accurate measurement such as that with 1 % error would be necessary.
Effects of dark energy equation of state and the curvature of the Universe
So far, we have investigated constraints on neutrino masses, assuming a flat ΛCDM cosmological model. We have discussed that there exists a degeneracy between m ν and H 0 in CMB power spectrum, but by adopting the prior on H 0 and/or combining the BAO data, we can break the degeneracy to some extent and obtain a tighter constraint on m ν . However, we note that the extent of the degeneracy depends on distance scale, and this is affected by the equation of state for dark energy and the curvature of the Universe, which we have previously fixed to be w X = −1 and Ω k = 0. Therefore here we relax these assumptions and investigate how the variations of w X and Ω k affect the determination of m ν , paying particular attention to the combination of present-day CMB data and constraints on H 0 and the BAO scale. Furthermore, as we did in the previous section, we also investigate an attainable bound on m ν in the near future using the projected characteristics of Planck data and anticipated constraints on H 0 and the BAO scale.
In Tables 8-10 , we summarized the constraints on cosmological parameters for the cases where (i) the equation of state for dark energy w X = −1 is allowed (but constant in time) and a flat universe is assumed (wCDM model), (ii) w X = −1 but a non-flat universe is allowed (ΩΛCDM model) and (iii) w X = −1 and a non-flat universe are allowed (ΩwCDM model), respectively. Since the geometric degeneracy between Ω k and H 0 is particularly very large in the CMB analysis, we do not obtain meaningful cosmological constraints on them through analysis of CMB data alone for non-flat cases, such as ΩΛCDM and ΩwCDM models. (Hence these CMB analyses are not presented in Tables 9-10 .) Although this problem is mitigated somewhat through combinations of an H 0 prior and BAO data with CMB data, a degeneracy remains among H 0 , w X , and Ω k because each affects the distance scales. Thus even if we include the geometry measurements such as H 0 and the BAO scale, the constraint on m ν is not so improved when w X and/or Ω k are varied since the change of the geometric distance made by varying m ν by the amount O(0.1) eV can be easily compensated by a relatively small adjustment of w X and H 0 , and then the neutrino mass effectively decouples from the degeneracy in the geometric distance (Tables 8-10 ). This is in contrast to analysis of the flat ΛCDM model, where the degeneracy involves just two quantities rather than four. Nonetheless, the combination of distance scale measurements substantively improve limits on w X and Ω k . Furthermore, we note that for wCDM model, the limit on m ν from CMB+BAO data is looser than that for CMB alone. This is because the BAO data [21] favor a smaller value for w X , and w X and m ν are negatively correlated. Finally we investigate future constraints on neutrino masses in wCDM, ΩΛCDM and ΩwCDM model. We repeat the analysis using the expected data from Planck, direct H 0 measurement and BAO scale as we did in Sec. 3 for these models. We summarized the marginalized constraints on m ν in Tables 11 and 12 for fiducial values of m ν = 0 and 0.1 eV, respectively. Hereafter we mainly discuss the constraints for the case of the fiducial 68.0
69.6 value of the neutrino mass of m ν = 0 eV, because there is no qualitative difference between fiducial models of m ν = 0 and 0.1 eV. Let us first discuss the case with the wCDM model. For the Planck only analysis, w X degenerates with H 0 most significantly, which can be seen in Figure 4 where we present 2d contours of marginalized posterior distributions among m ν , w X and H 0 . As mentioned for the constraints from current data, the neutrino mass is effectively irrelevant to the degeneracy in the geometric distance, particularly in the CMB analysis in this model. Due to this strong degeneracy between w X and H 0 , even if we add the data from the H 0 measurement, the constraint on m ν does not improve much unlike the case of the ΛCDM model since the effect of m ν can be easily cancelled by changing w X . On the other hand, when we add the BAO data to Planck, the constraint on m ν becomes slightly stronger. Since the BAO scale measurement can probe the geometric distance up to z = 2.5, it is sensitive to both w X and H 0 . Thus the effect of varying m ν on the distance measure can only be partly compensated by the change of w X and H 0 in this case. Hence the situation is a bit different from the case of Planck+H 0 where w X can be relatively freely adjusted to cancel the effect of varying m ν . In any case, to obtain a severe constraint on m ν , we need to determine the values of both H 0 and w X accurately, which motivates us to include both measurements of H 0 and the BAO scale. As seen from Table 11 , the constraint on m ν from Planck+BOSS+H 0 is much severer than that from Planck alone. Thus the direct measurement of H 0 should also have a strong power in constraining m ν in combination with some other distance measurement such as BAO in this case as well. Next we look at the case of the ΩΛCDM model. In this case, the situation is somewhat different (See Figure 5) . One of noticeable differences is that m ν , H 0 and Ω k are notably correlated with one another in CMB. This degeneracy shows that the change in the angular diameter distance to last scattering surface made by varying one of the above parameters cannot be efficiently compensated by just adjusting another. Thus other observations of the geometrical distances would be necessary. When the BAO scale measurement is included, the constraint on m ν is improved because of a better determination of Ω k and H 0 . For the analysis of Planck+H 0 , the constraint on m ν also becomes stronger. As seen from Table 11 , Planck+BOSS and Planck+H 0 give almost the same limit on m ν . However, even if both the BAO scale and a direct H 0 measurements are included in the analysis, the constraint is not so improved compared to Planck+BOSS and Planck+H 0 . This is because the BAO scale measurement effectively gives the same information as the direct H 0 measurement in this model, which is also the reason why the limit on m ν from Planck+BOSS and Planck+H 0 are almost the same level. Now we move on to the case of the ΩwCDM model where both Ω k and w X are varied. In Fig. 6, 1σ and 2σ contours are depicted, which shows the degeneracies among the key parameters, m ν , Ω k , w and H 0 . Since BOSS measures the geometry at several, wide- range redshifts, the inclusion of BOSS to Planck can remove degeneracies among these parameters more compared to the case of Planck+H 0 in this model. However, when we combine the BOSS survey with a H 0 measurement at 1% accuracy, constraints on some key parameters are much more improved from those without data of the direct H 0 measurement. Most significant improvement can be found in constraints on w X . Even though the BAO scale measurement can measure both of w X and H 0 simultaneously to some extent, there remains some degeneracy between these parameters. Thus adding a direct measurement of H 0 would be very helpful to break the degeneracy to obtain a better determination of w X . The improvement of constraints on w X makes the constraint on m ν stronger because of the residual degeneracy between w X and m ν .
So far we have seen how the measurements of H 0 and the BAO scale improve the constraints on the parameters m ν , Ω k and w X , that are severely degenerate with one another in geometrical distances. The BOSS survey is now running and expected to be a powerful tool for constraining these parameters. However, as we have stressed, an H 0 measurement has its own cosmological information independent of other observations and if a measurement at 1 % accuracy is achieved, it will bring us constraints on these parameters comparable with those from the BOSS survey, or by combining all these together, there would be much more improvements for the constraint on m ν . 
Summary
In this paper, we have investigated constraint of neutrino mass from cosmological data with particular attention to direct measurements of the Hubble constant and BAO scale as supplements to CMB data. Since a strong degeneracy exists between m ν and H 0 in the CMB analysis, which originates from the distance scale, neutrino mass is not effectively constrained from the current CMB observations alone. However, available measurement of H 0 breaks this degeneracy and provides a mass constraint of m ν < 0.20 eV (95% C.L.). We have also examined the constraint using the BAO data recently released. When the measurement of BAO scales is combined with the present CMB data, we obtain a similar limit for m ν ; current Hubble constant and BAO measurements are competitive in the context of ΛCDM models, where we emphasize the EOS of dark energy is constrained to models Planck Planck+H 0 Planck+BOSS Planck+BOSS+H 0 ΛCDM < 0.088 (95%) < 0.042 (95%) < 0.038 (95%) < 0.034 (95%) wCDM < 0.10 (95%) < 0.097 (95%) < 0.073 (95%) < 0.064 (95%) ΩΛCDM < 0.13 (95%) < 0.055 (95%) < 0.055 (95%) < 0.053 (95%) ΩwCDM < 0.14 (95%) < 0.12 (95%) < 0.079 (95%) < 0.070 (95%) Table 12: Same table as in Table 12 , but presented here are the mean values and 68% C.L. errors for a fiducial ΛCDM model with m ν = 0.1 eV.
be −1 and curvature is zero. We have also studied attainable limits on m ν that may be anticipated from nextgeneration data sets. For this purpose, we have used projected Planck data in combination with a future precise measurement of H 0 and of the BAO scale as may be provided by BOSS before 2015. If the Hubble constant is directly measured with precision ∆H 0 /H 0 = 0.01, then neutrino mass can be detected at the 5σ level for a 0.1 eV mass. Similar accuracy can be achieved through combination of BAO and CMB data. The uncertainty of the Hubble constant degrades the constraint on the neutrino mass approximately as (∆H 0 /H 0 ) 0. 4 . A more modest accuracy of e.g., 3 % does not provide a useful mass constraint and favors BAO techniques.
In models where w X or Ω k are allowed to vary (including more parameters), the geometric degeneracy between m ν and H 0 is broadened, and combinations of data and priors (i.e., CMB+H 0 or CMB+BAO) do not strongly constrain m ν . However when both H 0 measurement and BAO are combined with CMB, the constraint becomes tighter. In this respect, a direct measurement of H 0 should be very beneficial along with other cosmological observations.
We have investigated the impact of precision measurement of H 0 on the neutrino mass. The analysis demonstrates that the application of cosmological data has a unique contribution to make in the study of fundamental physics. Analyses similar to ours would plausibly demonstrate strong constraint of other parameters, e.g., w X [20, 42] , though degeneracies will vary case to case. In general cases (e.g., nonzero curvature and w X = −1), the constraints imposed by future BAO and H 0 measurements, if of comparable accuracy, are likely contribute at about the same level, but the larger number of model parameters argues pursuit of both BAO and H 0 measurements, so as to leverage the independence of systematic errors in each.
